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) This study, investigated the.relationships among
student and group characteristics, group interaction, and achievement
in cooperative shall groups. Seventy-seven students in two junior-.
high school mathematics classroems learned a two-week unit on - ;
exponents and scientific notation in mixed-ability or ufiform-abillity
groups. Interaction in the groups was.tape recorded. Three categorias p
of interaction related-to achievement: receiving no’ explanation in °
response to a question or error (receiving no response or receiving: .
only the correct answér) was negatively related to achievement; .
giving explanations and reteiving explanationsi were positively ‘

. related to achievement. Interaction in the group was related to group

. composition, sex, ability, and personality. Medium-zability students
in uniform-ability groups received more explarations,(and showed
higher achievement) ‘than medium—abiliig students in mixed ability

_ABSTRACT

. groups. Boys received more explahati d showed higher )
achievement) than girls. High-abiYify studéents gave more éexplanations
than low-ability students. Extroverted students réceived more answers
to questions than introverted students. Interaction in the group was
not related to ethnic background: white, ‘black,, and Asian—-American
students showed sipilar interaction patterns (and achievement). The
advantages of faperecdrding over otHer.dbservgtional précedures are
discussed in terms of capturing sequences of student intaraction.
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- ' C :5- Abstract ] '
-~ _ ‘ This study 1nvest1gated the relationships among student(and group =
- character1st1cs, group 1nteract1on and achlevement in cooperative smaﬂﬁ‘

' groupse Seventy-seven students in two Jun1or h1gh school mathematics

classrooms learned a two~week unit on exponents and scientific notatian

. in mixed- ab111ty or un1form-ab111ty groups: Interact1on in the groups

was tape-recdrded Threé categories of,nntera§t1on related. to achieve- | -

ment: receiving-no exp1anat1on ip response to a questjon or error '

(rece1v1ng no response or receiving only the correct answer) was nega-

! tively re]ated to ach1evenent, giving exp]anat1ons and rece1ving expla- .
nations were positively related to ach1evement. Interaction’in the -~
group was related to group composition, sex, ab111ty, and personality.
Med1um-ab111ty students in un1form-ab111ty groups‘rece1ved more exp]a—

. nations .(and shQWed higher achievement) than medium-ability students in

. o mixed-ability* groups Boys wmeceived more explanat1ons (and showed \
higher achievement) than. girl High-ab11ity students gave more expla- ) .
nations than low-ability studznts\ troverted students received more
- answers to quest1ons than 1ntroveﬂted ‘'students. Interaction in the
A | group was not related to ethn1c background wh1te, black, and Asian-
. . American students showed s1mi1ar ihteraction patterns (and achievement).
- . Theiadvantage§ of tape-recording over other observational procedures are
. discussed in terms of captur1ng sequences, of student 1nteraction.,
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Group Interaction and Learn1ng in the Mathematics Laboratory and
L { the Regu]ar C]assroom IR [
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In the ]ast few years, educational researchers have started to
become aware of the need to examine interaction among students to under-
‘stand the/ impact of cooperative sma]i.groups on learninﬁ. This research
is still in an embryonic*stage, however,'few stadies have directly ,
investigated the interactional processes that affect learning in-small
;aroups.. Two issues need to be addressed: - the relationship between
group interaction and achievement in sma{lwgroqps,'and the impact of "
characteristics of the group and of its. members on interaction and
achievem-j:,;?;s‘ present Study addresses ‘both 1ssues The burposes of
o this studPa¥e first, to repiicate the f1nd1ngs from the few studies
that’ have been done, and second to c]arify and extend these findings by

ana]yz1ng verbat1m records of student 1nteraction obtained from audio , -

L4

tape-recordings of group interaction. -

The 1nteraction var1ab]es examined in previous studies that have
1nvestigated the. re]at1onsh1p between group interaﬁtion and achievemerft
include giving help and receiving help. 1 Peterson and Janicki (1979)
and Peterson Janicki and Swing (in press) found that giving help was
positive]y related to &thievement Webb (1980a, 1980b, }980c) further
showed that students who.gave exp]anations learnéd more than students

./ who did not give exp]anations even when abi]ity was he]d constant.

The findings relating receiving help and achievement a}e hot as
consistent nor as straightforward as those re]ating giving help and
‘. achievement. Rather, they suggest that rece1v1ng help 4s af amalgam of
several variables with different effecthon achievement. Only one of
the studies mentioned above reported A sign1ficant re]ationship betweeh
‘receiving help and ach1evement (Webb, 1980&) Intensive. re-examinations
of the data in that study nevea]ed however, that whether the help
received was beneficial for athievement depended on two factors: (1)
the student behavior that elfcited, the he]p and (2) the naturé of the
help reCeiv'éd (Webb, 1980‘&) First, receiVing he]ﬁwas beneficiai only
when the target student gave evidence of needing help., Such evidenie
in¢luded making errors and asKing questions ~zSecond the help received
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was beneficial only when it included an explanatjon of how,to solve the °
problem. Merely being told the correct’answer withqut an accompanyt%g '
explamation of hew to obta1n 1t was not sufficient for a student who ’
_made errors or asked questions “to Tearn ‘how to solve the problem. The '
results of another’recent study” corroborated these findings, showtng

that rece1v1ng help was effect1ve on]} when g1ven in response to student

need (Webb 1981) Further, in tha% study rece1v1ng no he§p~1n response

tion_was highly detr1menta1 to ach1evement The present study,

then
whether calls for help were answered ‘and- analyzed the‘nature of the
i help eceived. : C oy - : ' o

dist1ngu1shed betwéen so]1c1ted and unsolicited help, investigated

0f the group characterfst1cs used to predict interaction and achieve-
ment in smalY groups, group ‘ab¥lity composit1on has been investidated.
most frequently.’ The group compps1tipn most ‘often stud1ed is the mixed- //

abi]ity group with one h1gh-ab111ty, one low-ability, and two med1um-ab111ty
1 students.’ Webb (1980a, 1980d) found .that,. compared to work1ng in '
'un1form*ab111ty groups in which all students had the same ab111ty level,
- working in mixed-ability groups was beneficial for h1gh-ab111ty and
low-ability students. Medium-ability students howeVer, ‘learned more in
- uniform-ab111ty,groups than in mixed-abidity groups: Similar resutts
- appeared in the study by.Peterson, Janicki, and Swing (in press) which
v ‘ compared ach1evement 1n m1xed-ab111ty small gsoups and large groups.
High~ ab111ty and low-abp11ty students did better in sma]] groups tham in
largeAroups, but medium-abi¥ity 'students did slightly better in large
groups than in small groups. The findings of interactions between group
setting and ability were partially exp]ained by‘verbal interaction in L
" the group. In Webb's study, highs and lows showed more helping behavior -
in mixed groups. thaw in uniform groups, whereas mediums were more active,,
. in Uniform groups ‘than in mixed groups. Lp the Peterson.et al. study,
highs and Tows also did more explaining than meqiums in mixed groups.
The- present’ study concentrated on the effect o& group composition on the:
interaction and achievement of medium~abjlity students. It was expected .
that medium~ab11ity students would give and receive more he1p and would
' show greater achievewent in uniform groups than in mixed groups. k -
The few individual characteristics that have been used to predict
. interaction in small proups‘working on academic tasks.inglude ability,




+ . Tikely than h1gh-ab1]1ty students to receive no responses to their } .

. ability would be pos1t1ve]& associated w1th g1v1ng help.

_tion than white students (Battle & Rotter,‘1963 Delbecq &.Kaplan 1968;
’ Katz Roberts & Robinson ~1965; Lefcourt & Ladwig,~ 1965).

.colleagues able ‘to alter the usual pattern of white dominance in group N
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personaﬁi;y (extrovfrsion-introversion), ethffic backaround, and sex.
‘Several studies have ~,
reported that high-abi]ity students give more explanations than .low-
abf]1ty students (Peterson & Janicki, 1979; Peterson, Janicki,; & Swing,-
in press; Webb “1980a, 1980d, .1981); two of these reported addittdnal
curvilinear re]at1onsh1ps show1ng depressed paﬂt1c1pat1on among medium=
abtlity students in mixed-abiTity groups (Peterson, Jantcki, & Swing, in
press; Webb 1980a, 1980d). Surpr1s1ng]y, -few of these studies found a
sign1f1cant rel t1onsh1p’between ability and receiving explanations.
Those that did reported-that low-ab111ty students recetved more explana-
tions than.h1gh-ab1]1ty students- (Webb, 1980a, 1980d).
different find#g appeared i one study:

The most cohsistent findings involve ability.

A somewhat
low-ab111ty studerits were more . .
quest1ons (Webb, 1981). Based on these results, it was expétted\that ‘{f’
The results '
for receiving: help were too 1neons1stent however, to providé a basis

. \;||||!!|k*-" o

‘v , N ~

for any expectation. -
~ 7 Only oqp study- 1nvest1gated the re]at1onsh1p between persona]ity
and interaction. Webb (1981) found that 1ntroverted students were less
1ikely then extroverted students to rece1ve responses tottheir quesé&ons ¢
Several studies ‘have gxamined the re]at1onsh1ps.between ethn1c -
background and1znteraction in the group. - In multiracial groups, white
stidents tend to be more active and influ ntial than mlnocity students .
(Cohen, 1972; Cohen & Roper, 1972), ‘while minority students tend to be

'Tesspassertive 4alk Tess, and give fewer suggestions and less 1nforma~

Cohen (1972,
1973} attr1buted these resu]tﬁ to status differences betweén white and
minority students Only. by man1pu]atang white students and. né?ority

students' expectationszof each others' performance were Cohen @nd her N

interaction (Cohen, 1973; then & Roper, 1972; Cohen Lockheed, & Loh- -

man -1976). Their fie]d exper1ments focused on 1nc?eas1ng white stu- ;
dents Expectatjons of b]ack students‘ “future competence. Because no '
efforts were made in the present study to alter students' expectat1ons

for performance, it was expected that minority students wou]d give fewer '

& -
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explanatigns than white students and would be more 1ikély not to recefve
responses 4o their questions . ’ ~
- . Very“few studies have examined interaction in m1xed-sex groups’
(Maccoby & Jacklin, 1974)3 and their resy1ts genera]ly show no differ-’
ences in 1nteract1\n patterns between males and females (see for
example Sgan & P1ckert 1980).° Lockheed (1976), however, f%und an
equal distribution of activity for males and females only when gro.p
members ha\d prior exper1ence with the mater1a1 when students had no
prior exper1ence males tended to dom¢nate group activity. fhe scarcity
of research on sex d1fferences i 1nteraction patterns and the eompiex-
‘it?’of the results make,1t difficult to generate a hypothes1s here g\The
ana]ys1s of sex differences in this study 1s, therefore, exploratory.

The presént study investigated the relationship between student
interaction and achjevement, and between group and individual character:
\A istics and interaction in mixed-ability and uniform-abi]}ty small groups
in junior nigh school mathematics classes. Individual predictors of |
"'interaetion‘and achieyement incTuded ability, persona]?ty, sex, and '
ethn1c background One of the” maJor fea}ures distinguishing this stydy
from the others descr1bed above is its. systemat1c ana]ySIS rof tape

. recordings of small group 1nteraét1on‘1n the classroom.
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- . Method -

~

~.‘ .L.' L ’ Y
Subjects . .

. The samp]e cons1sted of 77 students in grades 7 and 8. The stu-
dents came from two above average genera] mathemat1cs c]asses at a e -
junior h1gh school in the Los "Angeléds metropol1tan area. Approx1mate1y '
. 43% of the stude%ts were female and approximately 26% were minority
: (black, Asian-Amer1can) Because the mathematlss classes at this schoo]
are tracked by ability rather than by grade, each class had students oA
~ from both grades Both classes were taught by the same.teacher. '

~
L4

. % - ) : i ‘ : ;
. . (: Instruments ' _ ) -

' " Ability test. The ability test was a test of madthematics reason= N

1#! The, 40~1tem test was part of a test battery developed by mathe-

matics .teachers at the school for use 1n ass1gn1ng students to &lasses.

The tgst was administered to all students at the beginning of the school

year. <nternal cons1stency alpha for the mathematics reasoning test was

-+ .80. The scores in this sample ranged from 20 to 38 out of a. maximum of

40 points (M '}}._Z~SYD- 3.3). .
Personality measuXes. , At the beginning of-the study, students com- |

_p]eted the extroversion-1ntroversion scale of the Eysenck Persona11ty h
Inventory (Eysenck & Eysenck, 1968) and the InteTlectua] Ach1evement
Responsibility Scale (Crandall, Katkovsky, & Crandall, 1965). The
latter scale assesses the degree to. which students believe that they
(not. others) are responsible for their intellectual and academic per- l‘h\\\‘.
formance. For this samp]e, internal cons1stency a]pha was .56 for the .
extroversion-introversion scale and was .73 for the intellectual achieve-

£

ment responsibilify scale. }

. Achievement test. The achievement test was a 20-1tem teacher-made
test in which items were parallel in content and form to the prob]emsl‘
students dpmp1eted.in class work. Interna] consistency alpha for the
achievement test 'was .88. : o

- Group interaction variables. * nteraction amoag studgnts during

« group work was recorded on an audi ecorder. Transcripdgons of the
' tapes provided 1nformation “about 1nteract1on among students, as well as
the identity of speaker and recipient of each 1nterchahge Tallies were-

-~
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made of 'the number of occurrences of each pf thirteen interaction vari-
~ables. The 1nteract1on variables and exaniles of each appear ‘in Tablé 1.
To assess the genera]izabi]?ty of the:interaction variables, a genera]1za-
bi]1ty study (Cronbach, Gleser, Nanda, & Rajaratnam, 1972) was conducted
in which two persons coded the same random sample of half of the trans- e e
cripts of group 1nterdtt1on The estimated genera]izab1]1ty coefficients
for one coder appear in“Table 1. ‘The coeff1c1ents were judged to be .,
high enough that one coder ana]yz1ng the transcr1pts was sufficient.

It should befnoted tnat the number of talliés for speakers and

rec1p1ents of utterances did not ‘always match. For examp]e, within a _
group the freQuenc&jp? giving exp]anationgfwas sometimes different fronﬁ\\ \\:7‘
that of neceiving explanations A higher frequency of giving exp]ana- P
tions than #ecteving them dccurred when severa] students participated in
giving an, exp?%natiaﬂ to another student A lower frequency of giving
explanations than rece1ving‘them occurred when a student gave an,explan-
ation to several stude ¥s. S1mn]ar discrepanc1es occurred between the
number of responses g12eh to procedura] quest1ons and the number of 4

. responses received. = * /f R ) ’ ‘ o

. - . . . * ¢
Procédure . - - , . : .

Assignment of studénts to groups. Group composition was determined
on the-basis of abiiity Scores on the test of mathematics reason1ng
served as“the ability measure. Three ility strata were defined--high,
medium, and low--corresponding to the :Zp 25%, the mfdd]e 50%, and the
bottom 25% of the Sample. ‘Because‘the mean and range of the sampTe,(ﬂ‘= -~
31.2, range = 20 to 38) were above those fqr the schoo] (M = 26. 4 range
= 4 to 38), ]ow-ab111ty and medium-ability students were Tow or medium
relative to the yample, but not relative to the school. Students within
ability strata were random]y assigned to groups. Mixed-ability groups .
had one high-ability, one 1ow-ab111ty, and two médium-abi]ity students. .
Uniform-ability groups had three or fourﬂmegium-ability students. Half
of the groupe were mixed; half were uniform. Al}l grdups had boys and
girls, and had white and minority students.

Because a major comparison (in this study focuses on medium-ability
‘. students ledrning jn mixed-ability versus uﬁ'?b?m*éb111ty groups, medium-=
abi?ity students in the ‘two grouping conditions were matched on all
~ medsured charaeteristics. Statistical tests snrwed that the efforts to

* rﬁ"
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Table 1-

PR Interaction Variables - o
‘ -‘. . R . . 025' | o .
o ) ' ’ , Generalizahiljty
Interact1on'Var1ab1e ‘ Example L ) . cdefficient
. Receives no explanation © .
Makes error;ﬁGs n;t*;orrected " Error: 10 times 107! is 1072, © .86
-Makeg eréor, receives cotrect . Error; lélldividgd by 103°isA102. ‘: “i74
‘ answer without explaﬁation "ReSponse No, it's 10 to the ~
. v negat1 ve 2. s
Asks for explanatibn, receives ' Guesfion: How* do-you do #1872 .- .§6
no reéponse ‘ ' " R . _ : -
Asks for explanat1on receives. ~ Question: Wa1t, how do you do #207 » .81 .
an\Wer without exp]anat1on Response:, It's 10 7 :
Asks procedura] question, . “"Question: What question are you'on? ' .95.-
) receivei no response 5 > ) ' |
Receives ebeanation . )" _ ) , ‘
Makes Error, receives " Error: 103 diyided'by 10] is 103 s .QEQ o

explanation

Asks for and receives

-explanation

37,“

Response: You minus [the exponents],
remember. You don't divide, ’ ,
you subtract. Remember, when ““~'/f///
you divide, it's A [the numerator's -
exponent} minus B [the denominator's
'exponent]. S? it's lbz. : S .

Question: How did yoy get 10 to the .82

second for 10° x 107
; ; ;BT .
ot 7 > .
Response: You subtract [the exponents] o
and getx[ﬂo to the] one, and ™~
, you multiply it by [ten to the] . ‘

one, and get 10 to the second. v

L}
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' _ . Table 1 (corit.) |
/ ‘ . .

@ . Generalizabiljty
Interactica Variable Example coefficient. ,
Gives explanation, o~ Response: Okay, Yook. 63,000,000 « .75

. "+ times 8,500,000. This is '
63 with 6 zeroes. So, in
- parentheses, 63 times 10 to' the
‘ §ixth and then times 85 times 10
o . to the fifth ... 5355 ... . o~
Receives response to procedural Question: Do we havé_tb write the decimal. .69

“L.u

-~y

question® d . [equiva]ept‘ff the'exppnentl/too?
- Response? .Yeah.
Gives short-answer feedback - ‘ : ‘ N
Ans;é%§ procedural question " Question: Do you have to turn to the right .81 )
. . -nowft '
o S ' Response; Jeal, 12 times.
- 'Correcté error E;ror:'. 10? imes IOTA 1s..b1. .68
Respdnses N?, \'s 10, | "
Givés-correct angker to Answéfz ’1§*x 10%)2 +.. that'1l be-90 .... .85
problem 90, 000. ~ ‘
P?rfofms calculatiéns . Calculations: I'm diying the decimal '.88_ v
' R first. Se ...-Z&times.103,(
P * that'11 be thgusand, that'11 be
C2,000 ... then\...
H
. . ~I~
"aEstimated‘generalizability coefficie&t for one coder:
Y .. A . o y
I N ’ '
) L | ) 9.
11 . | Y
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. o match students were successful among mediUm-ability students,7m1xed and __
uniform groﬂpsthad ‘equal ratios of girls to boys Cx,(l) .06, 244 81),
‘ equal ratios of'wh;tn\students toﬁminority students (X.(l) = 1. 65,,

. . p<.20), and hall fleariy identical -medns on ability (t(42y = 0.80, p( 43), -
) extrover51on-1ntrowbr51gn (t(42)- 0.%2, p‘< 68), and 1nte1]ectuai achieve-.

» © ment respon51biiity(t(42)s- 0. 74 p'<.46). : ’
v Classroom” activ—tyes - During the week before group work, students -
i *.received their group é551gnments and "practiced" workihg in their.groups
- o become familiar with the small group setting and with¥the recording

-

' procedures. .
‘>' The study started at the beginning\of the fo]]owing week. .Students
y - learned a two-week unit on exponents and scientific notation. ~Students
S worked on exerc1s:s-from their _textbook (Dolciani, Wootdn, Béckenbach, &.
Markert 1967) as ‘well as on exerc1ses prepared by ide. teacher A new
) I set of exercises was assigned each day. Both 'class®% learned the same
‘material and fo]]owed the same schedule of activities. At the beginning
: ) of the first day, students rece1ved‘1nstrﬂctions for group work Stu- -
\ dents were told to work together and not to divide the, work to help .
group members experiencing difficulty, and to ask for help if they
T heeded it They were jnstructed to -ask the for help only if.no -
one in the group could solve the prob]em T 'promot“cooperation, ’
students were given group grades (the average of group mepbers' scores) @
in addition to their individual grades on the achiewement test. The

¢ . reward structure was, therefore, a combination of+individual competition !
) " .and intergroup compei1t1onr1ntg“group cooperatioh. Deutsgh (1949 1960) !
- ! showed . that 1ntragroup coo erative rewards promotes cooperation helpful- - i
~ " ness, and coordination ‘of efforts among group ‘members.
" ) . During group work ai] studlints worked an the same exercises. The,
" teacher monitored greup work by answering questions, by providing hints
L ’ . ~when groups could not proceed, and by ensuring that students did not ‘
:°‘ ) - work with members of other groups or bother other groups.

]

i
Every group was tape recorded at least once for at.
least 15 minutes. The order of. tape- recordiﬁg the' groups
was random. For tap\ng, d smaii‘microphom!?was clipped to -
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edch group member' s'shirt The microphones were connected to one
'-channe] of 'a hand-heid stereo tape- recorder The observen, under head-"
'phones, "spake. numbers that identified the speaker of each utterance into
a microphone that was connected to the other channel. Using- extension“ R
cords, the, observer could stand eight to ten feet away from the group, '
, thereby reducing the chances of distracting group members. The transi-
- , tion from one group to another typically took less than a minute, .Most
) "’ groups did not even stop working“when the microphones were c]ipped on
! and taken off. ST , ' '
S '. During the week after small group work, students comp]eted the-
F Y . ! achievement tést. Students worked individually on the test without he]p
" from other students or from the teacher. , ~ )

-

' ) Results
Interaction.andiﬁchievement‘ )
«"' ’ Table 2 presents the means and stanhdard deviations of the- inter-
action variab]es and achievement and the corre]ations between inter- -

. action variab]es and achievement. The interaction variables in Table 2
“are grouped in six categories The first three categories, "receives no
Jér ’ exp]anation“ "receives explanation", and "gives exp]anation", correspond
e . ’ to observation categories examined in previous research The remaining
s o three categories, "pecetves response to a procedura] question”, "gives
short-answer feedback", and “performs ca]cu]ations", represent other-
[' ) . kinds of interaction that occurred in group work. Edch mean représents
o the frequency of otcurrence per 45-minute c]a;s‘period
. % &, " As can ‘Be seen in Table 2, the three categories of interaction
T ) ~ found by previous research to relate to achievement--receiving no,.
explanatigp, receiving explanations, and giving exp]anations--were
_ significantly related to achievement in this: study )
- ‘ Recei&ing no eﬁp]anation in response to an error or qdestion had by
' - far the greatest re]ationship with performance on the ifhievement test.
) Students wﬁo often received no response to their errors or questions, or
who received«on]y the correct answer without an explanation showed lower
)/achievement than students who rarely experienced this problem. The
. corre]ations between achievement and variables within this interaction
cdfeQOry reveal two additional effects First, receiving no response at
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Téble 2 *

Means, Standard eviations, and Correlatfﬁ Coefficients

r

of Ach1 evement and Interaction

t

Y L

R "'"4!$¥r?4 R . o o 3D Acﬁ§552§2nt
. : ] C
Achievemerit . " A 12.5 ’ 3.4
’ . Receives' no explanation® ) 12.2 16.1 -.57*’& |
Makes error, is not corrected 2.4 5.8 ~:3l***
Make\ error, receives corr?ct an'swer 3.2 6.'2 —.25**
S without explanatwn ‘ '
. Asks for explanation, receives no response 2.5 5.4 -.44***=
Asks for explanation, receives answer 1.5' 3.3 -.37***
) R without explanation » )
%é,\ ‘Asks procedural question, receives no 2.6 5.0 .43
- * response ' o "
k! | Receives exP]anationa P 6.5. 8.7 _ .ZZT*
T e Makes' errer, reteives exfglan‘ah:on 1.6 3.é .!7*
Asks for and receives explanatipn 4.9 6.9 .18*
. Gives e;(p/iar;aizion | - 6.6 - 8.2. /26**
Receives ‘reSpohse to procedural-question’. 8.1 5 ‘\‘0.3' -.03
. ' Gives short-answer feedback? ~ 2.3 19.3  -.01 ~
9 Answers, proc'edural question 8] 7‘ 8.8 -.15
- Corrects error . . 3.2- §.0 + .14
' Gives correct answer to problem 10.0 14.4 .04
Performs calculations 58.5 ‘ 36.1 ~.05

aCorﬁposite
*
p €.10

*k
p-€.05 . .

= 'sum of measures in category

-~
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all had a gre;ler negative effect on achievement than did rece1v1ng
only the correct answer. To determine the statrst1ca1 sign1f1caﬁ%e of

the difference between the effect of receiving no response and that of
receiving ‘an answer without an explanation, the following procedure was

used. Composite variables for receiving no response and for rece1v1ng
an ansgwer without an explanation were formed by summ1ng the scores on
ethe relevant 1nteract1on heasures. Each composite was then correlated
with athievement - The @ifference between the correlations (.54 between'
achievement and receiving no response;“ 36 between achievement and

f) rece1v1ng an answer without an explanation) was tested using Hotelling's

Pest for the difference’ between correlations computed for -the same .
sample (Hotelling, 1940). The difference was marginally significant

(t(74) = 1.65, é_(.ob, one-tailed test). ’ o,

The second éffect apparent from Table 2 is that not receiving an,

explanation in response to a guestion had a greater negative impact on’
achievement than not receiving an explandtion in response to'an error.
Using Hote111ng s procedure as before the difference between the
correlation between achievement and not receiving an euplanat1on in

v response to & ques;1on ¢ 53) and.the correlation between achievement and
not receiving an explanation in response to an error 6-35) was mar- .
ginally significant(t(74) = 1. 53 p<£.08, one-tailed test).

* Receiving explanations in response to errors.or questions had a-
pos1t1ve relationship with ach1exément although the relationship was
considerably weaker than that between achievement not. receiving explan-
ations. The effects on achievement of receiving explanations in response
to errors and receiving explanations in response to questions were much
the same. Further, inspection of the means of receiving and not reéeiv-
ing explanations (see Table 2) revea]s that 55% of the questions were
answeted with explanations, ‘'whereas onl& 22% of the grrors prompted
explanations from other_group members. This latter finding suggests
that studegts usually did not recognize or did not acknowledge that
those who made errors needed explanations of how to solve the problems.

Giving explanations was bagitive1y related to achieve@en Stu-
dents.who frequently gave explanations to other group members scored
~bigher,on the achievement test than students who rarely gave explana-

tions.
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" . The other -three categories--receiVing respOnses to questions, . .
giving short-answer feedback andtperforming calculations--were not
significantiy re]ated %o achievemeﬁt For the remaining aﬁ%iyses, on]y
the results for the.three categories of interaction that were related to

achievement will be presented ?
~ . . : ) ’

The Effects of Group Abiiity CompoSition on Interaction and Achievement
' The purpose of formi ng the two abiTity group compositions used in ‘
this study, mixed-abii;$y'groups With one;high-abiiity student, one s
Tow—abiiity student, and twp medium-ability students, ,and uniform-ability o
. groups with all medium-abiTity students, was to examine the effects of’ ‘
v group composition on the achfevement ‘and interaction of medium-abiiity
students. It was hypq%besf!eq that, tompared to medium-ability students
in mixed groups, medium-abiiity students in uniform.groups would (1)
. score higher on the achievement test and (2) receive and give more

i
»

2

explapations. ° S
The means .and standard d%viations for achievement abiTity, and
¥ interaction variables are presented by gﬁbup composition in Table 3.
The resﬁ]ts confirmed the finst hypothesis Medium—abiiity students in
uniform groups obtained higher achievement test scores, on the average,
than medium“ability student? n mixed groups In fact, medium-abiiity . ./
. . students in mixed groups*tended to score Tower than low-ability students /
) (for Tow-ability studénts, M= 12.1, SD = 3.9), although the, difference
- was not statistically significant
* T The second hypothesis, concerning medium-abiiity students bxperi- .
, . ences in group interaction, was partially confirmed (see Table 3)

*e

Hediums in uniform groups received more exp]anations in response to'.
Jiheir errors and questions than did m ms in mixed groups. The
results for receiving ndrexpianations were mixed. Significant differ?i
ences appeared in two variab]es, but in opposite directions. The result
"in .the expected directian is that mediums in*uniform groups were Tess
& 1ikely than mediums in ‘mixed groups to receive only the answer in response
to questiong The resu]t in the unexpected direction % that mediums i
£ uniform _groups 'were moré Tikeiy than mediums in mixed groups to receive
' no,response to procedural questions. The results for giVipg expianation

e ’
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5 Abﬂity, Ihteraction, and’ Achievement of Mechum-Prbi ity Students 1n Homogeneous
’ £ .. . and Heterogeneous Groups ‘ , )
L
. ‘{r . N . ‘ — <
~ . ( . Homogeneous: (n=29) Heterogeneous (n=15)
. . ) "M sb M S0 t
Achievement ¢ ;- 2 30 - 0.9 3.3 178
© Ability | T34 14 - 31 .14+ 0.80
.Receives no exp]anationa l 12.0  15.0% 10.3 11.9 0;38 .
_ Makes error, is net corrected \ ‘ Y24 6.4 1.9 3.0 027
Makes error, receives correct ” 3.8 5.7 2.7 8.2 0.5
answer without exp]anation . - o
& “ e
Asks for. exp'lanatwn, receives 1.8. 48 / 2.3 4.8 ° 0.34
&o response - IR o .. :
Ksks for explanation, recelives 0.6 1.8 ° T 2.4 3.7 2.18""
answer without efplanation N )
’ S procedura] -question, 3.4 5.1, 0.8 2.4 1.8_0*
- _recaives no response s .
Recewes /éxp]anatwn 10.1 10.5 3.9 4.8 '2\.\78**
Makes error, .receives exp]anat'rori 2.5 .3.8 0.8 2.2 - 1.64: .
. Asks for and receives explanation 7.6- 8.8 3.1 3.8 1,877
. . _/\" . </ :
Gives explanation ~ 8.0 10.3 3.7 6.2, 1.45 __—|
) §- . ] ‘ ] *'i‘ ! ,
aComposﬂ:e = sum of measures in category. -
B¢ r-lol oo ' L .
*%k . e \,J
p <.05 i ' . '
Jokk
p ¢ .01 - g
S 3
A /
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were in the expected directionv-mediums in uniﬁarm group& gave- more
explanations than mediums in mixed groups--but the difference was not
statistica]ly significant. . e .
In summary, the results of the comparison between mediumlahility
students in mixed-abiiity and uniform-ability groups confirmed the
EXpectation of the study Medium-ability students showed higher
achievement, received more explanations, and tended to qnve .more €
explanations in uniform groups than in mixed groups. . N

b

1 . 4

o

IndiVidual Characteristics Predicting Interaction and Achievement
. bﬂii;xi
» Because medium-abi]ity students had different experiences in :
ouniform~ab31ity and mixed-ability groups pooling all students in an
‘,anainis of the relationship between abiiity and interaction and
achievement might have masked differéﬁt'effects for uniform groups and
.mixed groups . Thereforei the reiationships between abifity and interac-
tion and achievement were anaiyzed separately for students in mixed

groups and for students in uplform groups. *
The relationship between ability and achievement differed between

the grouping conditions" In mixed-ability groups, the re]ationship )
between ability and achievement was positive (r = 25, p<. 05) Further
examination of the data however, .revealed a significant curvilinear
relationship between ability and achievement. The curvilinear relation-
ship was examined by computing a stepWise multiple regression equation

", to determine whether an (ability) A;erm predicted achievement over and

" above ability. The (abiiity) terﬁ?significant]y increased the variance
accounted for in achievement The regression coefficients for ability
.and (abi1ity)? dere -3.41 (F = 4.83, p<.05, R% = .06) and .06 (F =
5.51, p<.02, change in R® = .10); respectively. . The graph of the
curvilinear relationship appearstin Figure 1. Although high-abilfty
stgdenté did better thanﬁlow~ability students, on the average; medium-

" ability students tended to obtain lower achievement teést scores than
both high-ability and low-ability students. Ia uniform-ability groups,
1K contrast, the relationship between ability and achievement was linear '
“(r=.37. p<.02); the (abi'lity) term did not add to the prediction of
achievement (ghang in R < .001). The graph of the regression equation
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for 'students in uniform groups appears in Figure 1. ThéLdiépgfity in
achievement between medfum-ability students. in uniform aqdfm%xed groups
shows the extent to which Qo?ﬁihg in mixed groups depreéged the perform-
ance of medium:ébi1ity students. — .o - “
g Unexpectedly,. few of the interaction variableswere related to
. ability, and the significant findings appeared on]y:fn mixe&~abi]ity.
grou s./ffhg significant relationships that. emerged, were, however,
“consistent with previous findings.-‘Ability was negéiivef} related to
aéking a procedural question'and receiving no:respaﬁse (r==24, p<:05)
and was pos?iive]y’re]ited to giving explanations'(g = .24, pL.05).. ¥
Low-ability students were more likely than high-ability students to fail
* to receive responsgj to thsfr proeedura! questions}xﬁﬁﬁghigh-ab?]ity
gtudehts gave more explanations than low-ability s%bdént§. Ability was
unrelated to receiVing explanations. There were no curvilinear relation-
ships between ability and interaction. .

Sex. A potent individual predictor bf_achievemént and group inter-
action was the sex of the student. ATthough males and females had
similar abii%ty (M = 31.3 and 30.9 for males and females, respectively),,
males scored higher on the achievement test than females (M . 13.6 and
11.1, respective]y; t(75) = 3.37, p<£.001). Closer inspection of the
results by sex for different ability levels, however, showed that this
effect was true only for medium-ability aﬁd low-ability students. Among
high-ability students, giris and boys performed the same, on tqg average.
The results for medium- ‘and -low-ability student’s wdre much the same;

s theréfore, they were combined for the analysis‘discussed here. . The
results by sex, then, are‘p}esented for high-ability and for medium- and
low-ability studénts (see Table-4).

As can be, seen in Tab]e/4, medigﬁ: and low-ability girls were Tess
likely than boys td,be,corrected whé:=they made errors and to’ receive
responses when thej asked for explanations or as&sﬂ'ﬁrecedUral questions.

g ~Furtbé;more, boys received mare explanations when they asked for them
.tham did girls. Among high-ability students, in confrast, boys and

~ girls gave and received similar gyhbefs'of explanations.

’ Ethnic background. The results of achievement, ability and inter-
action in the group for students with different ethnic backgrounds are
preéénted 1n,T§b1e 5. As can be seen in this table, the achievement of
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o Ability, Interacfion, and.Achieyement of Fémale and_Male Students °. - )
| High-ability - Medium-_and Tow-ability | »
vy oy RN Females (n=8) Males (n=9) - - Females (n=25) Males (n=35)
Measure I , N S S T S T N SO
. \ « ' ' - . : ‘ _—
Achievement - 13.2 3.4 14.7 3.2 0.88 10.4 32 13.3 3.0 3.6
Ability . . 3.0 0.8 355 1.4 098 206 2.0 -30.3 3.1 "0.92
" " Receives no explanation? ' . 9.2 15.0 . 12.7 18.8 0:42, 16.4 17.1 9.6 14.8 1.63
Makes error, is mot corrected S 05 L5 32 81 0.92. 46 7.6 1.4 3.9 1.72°
Make?zerror, receives correct answer 2.9 4.5 3.5 7.0 0.21- 1.7 (3:8) 4.2 7.6 1.48
without exp]anqtign . - . | ' - o,
Asks for explanation, receivesno 34 56 1.5 33 087 44772 1.3 39 213"
© . . , V4 \
response ‘ o I : y »
+. Asks for explanations, receives answer 1.4 40 3.1 5.1 075 1.7 3.2 1.0 2.6 0.88
. = ’ v ' ' P ' :
without exXplanation
T Asks question, receives no response - 1.0 - 1.8‘ 1.4 2.2 0.46 4.6 6.8 107 4.2 g.oz**' .
] - ‘g . .
Receives explanation® 5.3 3.0 3.7 8.1 0.53 4.8 7.6 8,7 10,2 1.6
Makes error, receives -eyplanation ;1.5 3.0 ~0.0 0.0 1.5 1.5 4.9 2.0 3.6 0.46 .
) ) . , N :
Asks,for and receives.explanation . 3.8 3.6 /3.7 8.1 0.03 3.3 4,5 6,7 .8.2 1,85
Gives explanation oL P 549 7.6 9.9 6.5 1,16 7.1 9,6 56 7.8 0,63
aComposit? = sum of méasunes in category. e ‘
*p < .10
.05. . : . i
.01 o , s i ‘ :
22 - . ’ - 23
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_ ‘ Table 5 . )
Ability, Interaction, and Achijvement by Ethnic Background ' _ o
. T Y
¥ < ' v ) '
- ’ . Asian-. L
) \ ’ . Whites Blacks  Americans
' S (n=57) (n=10) (nz10) . . |
Medsure . - o M @_ M . SD ’ﬁ )] F
" Achievement 12.8 3.3 10.5 i} 130 2.8 2.0 -
. ' - ) Y —
Ability ‘ - . 32.0 2.7 27.3 3.9 30.2 2.9 11.59
3 , R, . : :
Receives no explanation? . -+ 11.9 16.2 .19.8 20.1 5.9 76.9 1,94
Makes error, is not corrected 2.1 5.% 6.0 8.1 0;4. 1.4 2.73*
Makes error, receives correct answer 3.1 6.1 3.4 7.3 3.5 6.1 0,03

‘without explanation ¢

-

Asks for explanation, receives no response 2.7 5.6 3.8 6.4 0.6 1.8 0.93" r

> Asks for explanation, receives answer 1.7 3.5 1.5 3.4 6.4 1.4 0.61

without explanation ’

>

Asks questién, receives no response 2.4 4.6 5.1 8.1 0.9 1.9 1.92
| Receives explanation? . ‘ 7.8 9.5 éa3 3.2.2.6 5.4 2.33
Makes error, receives exp]aﬁation : 2.1 4.3. 0.4 }.2 0.0 0.0 -1.81
Asks for and receives exp]anatiﬁn 5.7 7.5 2.9 5.3 2.6 5.4 1.3
<Gives explanation ‘ 6.9 .87 3.6 57 7.8 7\ ‘.82

~—r =y

acOmposite = sum of .measures in category- NN
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'white, black, -and Asien-Amenfcan'students were not significantly dif- )
ferent. Concerning'interaction patterns, black studénts showed a greater.
tendency than white or Asian-American students to be 1gnored when they
‘made errors or asked fuestions. On]y one 1nteract1on var1ab1e showe%ga

’ statistically s1gn1f1cant difference across students w1th different.

ethnic hackgrounds, however: makes an error and is hot corrected.; _ ‘-
Blacks were more I1ke1y than whites or Asian- Amer1cans to fail to—be '
corrected when they made errors. This result is not taken very ser1eus]y, '
hoﬁever, because Jt’was only marﬁ}nally s1gn1f1cant and because ethnic 4
groups did not d1ffer s#gnificantly on}any othér interaction variable. .
Persona11ty Of the two personality measures used in this study,
extrqxgrs1on*1ntrevers1on and intellectual achievement responsibility,
only extrovers1on-1ntrovers1on showed -any significant re]ationsh1gs w1th
interaction and achizvement. Introverted students scored higher on the —
achievement test than extroverted students\ﬂ_r: =-,20, p<.04). Extro- '
version-introversion related to only two interaction variables: receives
only the answer in response to a request for an explanation (r = .18,
p<.06) and receives an.explanation in response to a request for one (r
= .22, p<.03). Extroverted students were more likely than introverted
students to nbtain at Jeast an answer if not an explanation when they
asked for\an explaration.
Exp1anato:§ Models
To determine the best predictors of achievement and interaction,

L . {

’stepwise multiple regression equations were comptuted. The order of

entry of the pregictors into the equation was based on the extent to
which variahles had Been examined in previous research. Variables
previously g&amdned were entered first and new variables examined in the

present,study were entered last. In this way, the unique contribution

of the” new variables could be tested The results of these analyses are
presented in Table 6. ' - '

As can be seen in the regression equation predicting achievement,
sex predicted achievement over and above ability, but extroversion- .
introversion and groug composition did not. When the other variables
were held constant, high-ability students achieved more than low-ability
students and boys achieved more than giris. The most dramatic result in

‘Table 6 is the potency of receiving no exnlanatton as a predictor of

achievement. This interaction category accounted for nearly half of the

]
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. Table 6

Multiple Regressjon Equations Predicting Achievement
‘and Interaction for the Entire Sample (n = 77)

¢

/_/ T Achievement Receivés Explanation Gives Explanation
. S 2 2 : 2
PR b. R E b .~ R E b R F,
L X |

Individual characteristics ‘

. -~ o ‘- ' St a e '

mitity o 22 .06 . 523 .16 .00 .29 63 04 4,457

) - b 4 ) 3

tbi1ity)? = 03 .06 . 304 .05 Q0 .74 =410 .01 2.39

) N 4 . -~ ""'{{i,;

- 86x ‘ 154 .10 6.45 2,50 .03 1.65 =220 00 .39
: ( . ' . :
Extroversien-introversion -.14 .02 2,27 .60 .05 71‘.'02** ~ \‘;’\.02 .00 .01
Group ability composition V.23 01 1 -5.95 .00 7757 . -3,46 03 ¢ .2.69

e ~ \ : ~
Interaction variables ~
Gives explanation .08 .03 . 1T.44 ‘ p
’ :’3" & ‘ ‘J:
Receives explanation® . .05 .02 2.04 .
/ z E
o '3 ' ek -
Receives no explanation -.10 .21 29.26
- ‘ g - Yk
Full model — 0,52 9,03 — 17 2.9 — .09 1.36

Note: Regression coefficients

3Sun of meastires in category..
- r - ‘

-

*
B<-]0v .

are unstandardized partial regression coefficients.
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# explained variance over and “above the confributions of the other vari=
K ables in the model.
giv1ng exp]anat1ons significantly pred1cted achievement when the effects

Furthermore, neither rece1v1ng exp]anations nor

of . not receiving explanations were contro]]edx ‘

‘ ' In the prediction of interaction, extrbversion-introversion and
group composition were significant predictors of receiving explanations.
Extroverﬁfﬂigtudents received more explanatigps than introverted stu-
dents, and students in un1form-abi]ity groups received more eip]anat1ons
than.students in m1xed-abi]1ty groups Only ab111ty predicted giving .

exp]anations when the effects of.other individual and group character=

.1stics were held constant.
than ]ow-&li]ity students.

High-ability students gave more‘éxp]anat1ons
The\Equation predicting receiv1ng no explan-

ations is not presented because none of the variables was signifigant
(highest F = .97) and because all of the HRedictors together accounted
for less than 3% of the variance in receiving no explanations.

r » - _ »
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Summary of the F1ndi_ng_g .

° Important findings emerged with respect to re]ationsh1ps between
"1nteract1on and achievement and between group and 1nd1v1'dua] character- .
jstics and interaction. ' Concermng interaction and achievemert, the
more frequent]y a student asked a qdest1on or made an error and, faﬂed

Yo receive an explanation, the worse was that students' performance on

the achievement test. The moré ofta\ a student received an exp]anat1on VA
in responsento a question or error or gave an explanation, the better
‘ B was that student s performance.x ) ’ :

- The best predictors of 1nteract1on in the group were abﬂ1ty com-
position of the group and sex of the student; student abjlity, -pers
sonality, and ethnic background predicted interaction less well. Medium- %
ability students in uniform-ability groups achieved more and received l
morJ explanations than ‘1ed1um-ab1'hty students in mixed-ability groups
Boys showed greater ach1evement and received more explanations than
\\' d girls. H1gh-ab1]1ty students gave more explanations and received more - -

. B . responses to procedural questicns than Tow-ability students. Extrover- . ‘

) ted students were more likely to receive ansters to questions than were
'y introverted st,udents - White, blgck, "and Astan- Americaﬁ students showed
‘ ~s?¢l]ar achievement and experiences in group 1nterag:t1on )
.o, .y N ) . , , 1¢ ~
. Interaction and Achievement .
‘ . The ne1ationsh1ps between interaction variables and achievement -
" that emerged in the present study not on]y replicate the results of -
previbus studies, but they also he]p to exp]ain the strong relations for
some interac variables.and the wegk relations for others in previous
C,A ' ) &search. Taosvt potent predictor of achievement in this study was
not receixing’ an exp]anation in response .to an errer or question; this
] experience was detr1menta] to achjevement. This predictor included
’ recewing no response at all and receiving the corregt answer without an
. exp]anat1on The detrimental effects of not receivin?,a__x response to a
- quest1on and not having an error corrected are hardly debatabJe . Since
» ‘frrors indicated misunderstanding about how to solve the prob]emsg and
_'\ . “questions usually signified lack of understand'ing, receivjng na response
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at aml wou]d_]eave {ntact the student's misunderstanding er lack of
understaﬁaing' More importantly, receiving only the Correct answer was
not sufficient for students to be able to understand .or correct their
mistakes, nor to discover how to solve the problem.

In contrast to not receiving expPanat1ons, receiving explanations
'did help students who made errors or asked questions learn the mater1a]
although -the fairly low correlation between receiving help and ach1eve-
ment suggests that the explanations were not always effective. Whether
training in peer tutoring may help promote more effective exp]aining
'rema1ns to be investigated. -

In addition to the major finding that reCe1v1€g no exp]anat1on was

 detrimental to achievement, -the procedures used in this study allowd

“subt]e distinctions to be made among interaction variables in this cate-
gory. First, the detrimental effect of receiving only the corrget
answer was not as great as that of receiving no response. This finding
suggests that some students may have bee? able to infer the alogrithm
for so]y1ng the problem from the correct answer. Second, the negative
impact of rece1v1ngi§obexp]anation in response to an error was not as
great as that of recé€iving no explanation in response to a question.
Students who made errors seemed to have some nqtion of how te solve the
gyob]em, even if their notions were incorrect. Students who asked for.v
explanations, on.the other hand, often seemed unable to begin to solve
the problem. Students with partial understanding of the material (those
who made errors) would be more ]tke]y to infer the correct alogrithm
than would students with no understanding (those who asked for explana-
tions). - , .

The importance of receiving help whgn need®d and of elaborated
responses to questions and errors agrees with the results of two recent
studies of cooperative small groupa (Webb, 1980d, 1981), and finds

support in a recent large-scale study of first-grade reading groups. -

A]though the First~Grade Reading Gpoup Study (Anderson Evertson, &
”Brophy, 1979)» investigated teachef~]ed small groups with 1ittle overt

/ 1nteraction among students, its findings parallel those found here.

/’

Receiving terminal feedback to an error--in which the teacher.stated the
correct answer, asked another student to supply the answer, or allowsd

another student to call out the answer--was negatively related to
’ ‘ .
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achievement. Recei&ing g;eées feedback to an error--in which the
teacher exp]a}ned how to obtain the torrect answer--was positive]y
related to achievement “Andefson et al. did not compare the- effects on
achievement of term1na1 and process feedback to students' questiops.

" The importance .of receiving help when needed and of elaborated
responses /also helps tofexp1ain the weak and inconsistent findings ix
previous studies relating receiving he]p and achievement (for example,
Peterson & Janick1, -1979; Peterson, Janicki & Swing, in press; %\Ebb
1980b, 1980d, 1981) First, mq:t of the studies did not d1stingu1sF\%\
between needed and unneeded help. Receiving help would not be expected
to relate highTy to achievement for those students who already un&er-
stood the mater1a] _Second, the studies did not distinguish between
terminal responses and e]aborated feedback It is 1ikely that the help
received in these.studies sometimes consisted of explanations and some-
times cansisted dfionly the correct answer. The posftive and negative
effegts of the experiences probably carcelled out, produe‘pg the near-
zero relationships found in most of the studies.

The positive re]a@ionsh1p between achievement and giving exp]anations
in the present study confirms the fiadings in previous studies (Peterson &

1 Janicki, 19]9, Peterson, Janicki, & Swing, in press, Webb, 1980b, 1980c).

There are two possible interpretations of this re]ationship. First,
students who gaie many explanations may have achieved more than stpdeﬁts

‘who gave few explanations because they had higher ability. Second,

giving exp]anatibns may have helped the explainer learn. The positive
correlat1on betwgen ability and giving exp]anations provides some support
for the first interpretation but the weakness of the correlation sug-
gests that the seeond intenpretat1on also has merit

Research ,ont vocalization dur'[ng ‘problem solving and research on '
cognitiﬁe beneftts'of teaching suggest two mechanisms that might explain
why giving expTanations helps the exp]ainer ]earn The first mechanism
is cognitive rehearsa] that occurs when students verba?ize material. .As
a result of cognitive rehearsa], students who verbalize how to solve the

] brob]em may remémber the algorithm better than students who do not.

' SUpbort for this hypothesis come from‘discrimjhatiqn-]earning studies in

which vocalized. s¢imuli were recalled more often than nonvocalized
stimuli (e.g., Carmean & Weir, 1967; Di Vesfa & Rickards, 1971; Weir & -
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He]goe,‘1968) ar from problem-solving studies in which vocalizing
during practlce of a prob]em-so]v1ng task produced greater performance )
than not, vocalizing (e g., Gagne & Smith, 1968; see also Davis, 1968). \
The second mechanism is cognitive restructuring, in which students
giving explanations reorganize the material for clearer presentatlon
Support for #his mechanism comes from a recent study by Bargh and
Schul (1980), in which studepts studying verba] material to teach it to
another student learned more,than students instructed only to Tearnait.
Students in thd® ‘teaching condition showed superior achievement of both
the basic message and: peripheral details of the'material. Further
research js needed to clarify these mechanismsz For example, evid
of cognitive restructurfhg might come from analysis of explanations
given in group work or from stimulated recall of cognitive processes
during explaining. )

GrouEAand Individual Characteristics Predicting Interaction and

Achievement L .

The results for group ability composition replicated previous find-
ings that medium-ability students learn more and participate more in
uniform-ability groupd than in mixedability groups (see Webb, 1980a, 1980d).
The term "middle-abjlity" may reflect this finding more accurately than .
"medium-ability," however, since the effect depended on the relative
standing within the group rather than on absolute abflity level. Data
from a previous study suggest that the most able students may perceive a
responsibility toward the Teast able member of the group but not to )
those with medium abllity, and thtis tend to ignore them (Webb, 1980b, .
1980d) In future studies, post-experimental 1nterv1ews with students

e

" may provide additional explanations for the depressediparticipation and

achfevement among medium=ability studenfs in mixed-ability groups. !
The findings with respect to ability--the positive re]ation&hiﬁ' ‘

between ability and achievement, and between apility and giving explana- :

tions, and the finding of no relationship between ability and geceiving

explanations-~are also consistent with previous findings (Peterson &

Janicki, 1979; Peterson, Janicki, & Swiqg,'in press; Webb, 1980a, 1980b,

1980d). The persistent lack of‘significent findings for receiving help

15 counterintuitive, however, and cannot be explained further with the

data in this study.
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In contrast to the expected differences between group compos1t1ons
and between ability 1evels the diffefdnce between the achievement of
male and female students -was unexpected, Although past research has
often reported male superierity in mathematics achievement (Glennon &
Callahan, 1968), recent findings suggest &pat sex differences ,do not

'appear until high school (Callahan & Glennon, 1975; Hi]ton & Berglund,

1974), and even these findings have been cha11enged s1nce differences-
tend to dxsappear when the amount of exposure to mathematics is con~
trolled (Fennema 1974; Fennema & Sherman 1977). *The interaction

Ppatterns of g1rls and boys may .help to exp1a1n why hoys did better than

gir]s in the present’ study.’ "Boys received more explanations than girls
and were less 1tkely to be ignored when they asked 'questions. The '

' reasons for these interactign results are unclear, however. One possible

explanation may be related to the finding that girls in this age group
have 1ess confidence in their ability to learn mathematics than males do
(Fennema & Sherman, 1978; Sherman, 1980). Girls may have been less )
aggressive than boys in seeking help. A question that remains to be
investigated is whether girils would receive more explanations 1n all-
female groups than in mixed-sex grohps _ .

~~K1so unexpected were the findings for ethnic backgréund. The
résults of similar achievement and sjmifgr interaction patterns among
minority and white students in the present study contradict Cohen and
colleagues' findings of white doﬁ}nanse in multiracial groups (Cohen, 1972,
1973; Cohen & Roper 1972). An exp]anat{on for this finding may involve '
smaller status differences between white and minority students than are

.usually encountered, due to the high level of the classes examined in

the present study. The classes wére in the highest track of general
mathematics in the school. Therefore, students in these classes may
have expected competent performance by all of their peers.

" Finally, the'ﬁ§gher incidence of feceiving expTanations for extro-

" verted students than for introverted students is consistent with the

Titerature finding'positive correlations between parfiéipationfin groups
and measures of extroversion-introversion (Bass, McGehee, Hawkins,

Young, & Gebel, 1953; Grosz & Wagner, 19724 Stern & Grosz, 1966;

Wébb, 1981) It is not cléar, however, why the’ same relationship did
not hold for giving explanations and achievement. More data are needed

" to explain these findings.
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The Interaction Variables: Siibstantive and Methodological Issues

The interaction variables and procedures used/in the present study
. help account for the stﬁgngth of the relationships found here. The
findings of this study documé%t the ggpdrtance of examining sequenceg of
student behaviors rather than isolated interaction events The combina-
‘tions ofs the behavior eliciting a rgsponse (making an error, asking a '

-question) and the response itself (no response, the correct answer, on]y,

an expianation) were potent predictors of learning; much gtronger than
the single behaviors used to predict dearning in most studies. The .

‘sequential nature of these interaction‘variabigs also points out a

limitation of thé time- based rotating sampling systems which are often
used to observe group interaction In these systems, students are each
observed feor, short intervals, usua]]y too short for recording sequences
of interchanges among students. ,

The tape-recording procedures captdred not only the sequencgs
interaction but alsb the rich detail of group discu551ons- The detailed
records made it possible to cqde errors, to differentiate between dif-

)

_ ferent kinds of questions and, mostg;zyortant]y, to ‘distinguish differ~ ,

ent kinds of responses to questions 3fd errors. Even with sophisticated'
observation instruments, it is difficult to‘reliably @istinguish between
explanations and terminai feedback. Furthermore because one student's
question and another student's response were often separated in time or
by other group interaction, verbatim records made it possible to deter-

* mine whefher a student's question was answered. Finally, the recording

procedures made it possible to capture all of the group interaction,
even when several group members spoke. at once, and ‘even when the group

was surrrounded by nine other groups also actively engaged in group
discussion. . A
I
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. Footnotes

1
I wish to thank Cathy Kenderski for her help in data collection and .
© organization; Bonnie Erickson for her“help in coding trans;ripts and
\ data file management; Denise Davis and Lynn Wakatsuki ﬁpr their help
in transcribing the.audio tapes; and Marian Graves, Audrey Kopp, Yasuko
Morihara: and Beverly French for the assistance in Shis program of research.

Y

»

1., Several studies have examined the relationship between the amount

. of helping in the group and achievement (e.g., Hanelin, 1978; Slavin,
1978), but because they did not dist1ngu1sh between giving help and s
receiving help their results are not discussed here. )

~
*

<2, The significance levels are reported for one-tailed tests except
.where specified otherw1se.
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